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Probabilistic Integrated
Assessment of "Dangerous”
Climate Change

Michael D. Mastrandrea™ and Stephen H. Schneider?

Climate policy decisions are being made despite layers of uncertainty. Such de-
cisions directly influence the potential for “dangerous anthropogenic interference
with the climate system.” We mapped a metric for this concept, based on Inter-
governmental Panel on Climate Change assessment of climate impacts, onto
probability distributions of future climate change produced from uncertainty in key
parameters of the coupled social-natural system—climate sensitivity, climate
damages, and discount rate. Analyses with a simple integrated assessment model
found that, under midrange assumptions, endogenously calculated, optimal climate
policy controls can reduce the probability of dangerous anthropogenic interference
from ~45% under minimal controls to near zero.

Article 2 of the United Nations Framework Con-
vention on Climate Change (UNFCCC) states its
ultimate objective as “Stabilization of green-
house gas concentrations in the atmosphere at-a
level that would prevent dangerous anthro-
pogenic interference with the climate system”
(). This level should be achieved within a time
frame sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that food
production is not threatened, and to enable eco-
nomic development to proceed in a sustainable
manner. Thus, the criteria for identifying “dan-
gerous anthropogenic interference” (DAI) may
be characterized in terms of the consequences (or
impacts) of climate -change (2). Although these
impacts, and a precise definition of DAI, are
subject to considerable uncertainty, a plausible
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uncertainty range can be quantified from current
scientific knowledge (3). We argue that climate
change policy decisions should be conceptual-
ized in terms of preventing or reducing the
probability of DAI, a risk-management frame-
work familiar to policymakers and an outcome
to which more than 190 signatories to the
UNFCCC have committed.

Research related to global climate change
must deal explicitly with uncertainty about fu-
ture climate impacts. Due to the complexity of
the climate change issue and its relevance to
international policymaking, careful consider-
ation and presentation of uncertainty is impor-
tant when communicating scientific results (2,
4-7). Policy analysis regarding climate change
necessarily requires decision-making under un-
certainty (8—/0). Without explicit efforts to
quantify the likelihood of future events, users of
scientific results (including policy-makers) will
undoubtedly make their own assumptions about
the probability of different outcomes, possibly
in ways that the original authors did not intend
(11, 12).
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Assigning likelihoods to potential future
worlds is difficult, as noted by Griibler and
Nakicenovic (/3), because any such esti-
mates will be highly subjective and based on
assessments of future societal behavior and
values. Uncertainty, they warn, may alterna-
tively be dismissed or replaced by spurious
expert opinion. Although the suitability and
effectiveness of techniques for presenting un-
certain results is context-dependent, we be-
lieve that such probabilistic methods are
more valuable for communicating an accurate
view of current scientific knowledge to those
seeking information for decision-making than
assessments that do not attempt to present
results in probabilistic frameworks (74).

We present a metric for assessing DAL a
cumulative density function (CDF) of the
threshold for dangerous climate change. We
demonstrate its utility by applying it to modeled
uncertainty in future climate change using an
optimizing integrated-assessment model (IAM).
IAMs are, common policy analysis tools that
couple submodels of the climate and economic
systems, balance costs and benefits of climate
change mitigation to determine an “optimal”
policy (/5), and often exhibit properties not
apparent in either submodel alone (/6).

We chose Nordhaus’ Dynamic Integrated
Climate and Economy (DICE) model (/7) for
our analysis because of its relative simplicity
and transparency, despite its limitations (/6,
18). The 1AM framework allows us to ex-
plore the effect of a wide range of mitigation
levels on the potential for exceeding a policy-
important threshold such as DAI. We do not
recommend that our quantitative results be
taken literally, but we suggest that our prob-
abilistic framework and methods be taken
seriously. They produce general conclusions
that are more robust than estimates made with -
a limited set of scenarios or without probabi-
listic presentations of outcomes, and our
threshold metric for DAl offers a risk-man-
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agement framework for discussion of future
climate change that can be applied to results
at all levels of model complexity.

To define our metric for DAI, we esti-
mated a CDF based on the Intergovernmen-
tal Panel on Climate Change (IPCC) “Rea-
sons for Concern™ (3) (Fig. 1). Each col-
umn in the figure represents a reason for
concern about climate change in this cen-
tury, on the basis of dozens of IPCC lead
authors’ examination of climate impacts
literature, thus representing a consensus es-
timate of DAL We constructed our CDF by
assigning data points at the threshold tem-
perature above which each column be-
comes red (Fig. I, solid black line) and as-
sumed that the probability of DAI increases
cumulatively at each threshold temperature by a
quintile, making the first threshold the 20th
percentile (20%o) (/9). This CDF is a starting
point for our analysis of DAI; it facilitates a
concrete sensitivity analysis at various thresh-
olds of dangerous climate change. The median,
50%o threshold for DAL in Fig. 1, DAI[50%o], is
2.85°C (20).

Reasons for concern
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Fig. 1. An adaptation of the IPCC Reasons for
Concern figure (3), with the thresholds used to
generate our CDF for DAL The IPCC figure con-
ceptualizes five reasons for concem, mapped
against climate change through 2100. As temper-
ature increases, colors become redder: White in-
dicates neutral or small negative or positive im-
pacts or risks, yellow indicates negative impacts
for some systems, and red means negative im-
pacts or risks that are more widespread and/or
greater in magnitude. The risks of adverse im-
pacts from climate change increase with the
magnitude of change, involving more of the rea-
sons for concern. For simplicity, we use the
transition-to-red thresholds for each reason for
concern to construct a CDF for DAI, assuming
the probability of DAl increases by a quintile as
each threshold is reached (79).

We applied this metric for DAI to a spec-
trum of results based on uncertainty in three key
social and natural model parameters— climate
sensitivity, climate damages, and discount rate.
We focused on these parameters because they
are critical determinants of the policy implica-
tions of global climate change. Climate sensi-
tivity—the equilibrium surface temperature in-
crease from a doubling of atmospheric CO,—
determines the magnitude of anthropogenic
temperature change from a given radiative forc-
ing. The impact of this change is determined by
the severity of climate damages from a given
global average temperature change, usually re-
ported as a loss of gross economic product,
Both factors cannot be determined with high

confidence because of the complexity of the
system, missing data, and competing frame-
works for analysis (27). Inan IAM, future costs
and benefits are compared by discounting their
future value at some discount rate. Modeled
policy responses to global climate change,
where mitigation costs come long before size-
able benefits from avoided climate damages,
are very sensitive to this rate. Sensitivity anal-
ysis, where uncertain parameters are varied
across a likely range of values, is often used to
identify and report ranges of uncertainty. When
it is possible to define a probability distribution
for the uncertain parameter(s), a second meth-
od—Monte Carlo (MC) analysis— can expand
on a sensitivity analysis by assigning a proba-
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Fig. 2. (A) Probability distributions for each climate sensitivity distribution for the climate

sensitivity—only MC analyses with zero damages and 0% PRTP (a ~1%

discount rate). (B)

Probability distributions for the joint {climate sensitivity and climate damage) MC analyses. All
distributions display a 3-bin running mean and the percentage of outcomes above our median

threshold of 2.85°C for dangerous climate chan
carbon taxes calculated in 2050 (T,s,)

ge, P{DAI[50%o]}. The joint distributions display
by the DICE model, using the median climate sensitivity

from each climate sensitivity distributionand the median climate damage function for the joint
Monte Carlo cases (79). When we compare the joint cases with climate policy controls (B) to the
climate sensitivity~only cases without climate policy controls (A), sufficient carbon taxes reduce
the potential (significantly in two out of three cases) for DAI[50%o].
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bility distribution to model outcomes run as the
parameter is varied. We combined both tech-
niques to evaluate the potential for DAI (/9).

Using general circulation models, the
[PCC has long estimated the climate sensitiv-
ity to lie somewhere between 1.5°C and
4.5°C (22), without indicating the relative
probability within this range. Other analyses
produce both’ higher and lower values (/9).
Recent studies produce distributions wider
than the IPCC range, with significant proba-
bility of climate sensitivity above 4.5°C. We
used three such probability distributions: the
combined distribution from Andronova and
Schlesinger (A&S) (23), and the expert prior
(F Expert) and uniform prior (F Uniform)
distributions from Forest et al. (24).

In the DICE model, a climate damage func-
tion specifying the economic damages from
global temperature increase is one of the impor-
tant linkages between the modeled social and
natural systems. We sampled from the proba-
bility distributions of Roughgarden and Schnei-
der (/8), based on an expert elicitation of a
much broader range of climate damage func-
tions than in the original DICE model. We used
these probability distributions and those for cli-
mate sensitivity to conduct MC analyses with
the DICE model (19). Specification of the third
uncertain parameter we considered, the dis-
count rate, has a strong normative component,
with a variety of defended options (supporting
online text). To prevent a high discount rate
from masking variation in model results be-
cause of variation in other uncertain parameters
(supporting online text), we set the pure rate of
time preference (PRTP) to 0%—corresponding
to a discount rate of roughly 1%—and per-
formed a sensitivity analysis (19). This discount
rate falls within the currently debated range, at
the lower end (supporting online text).

We examined two types of model output un-
der different assumption sets of the parameters we
varied: global average surface temperature change
in 2100 (25), which we used to evaluate the
potential for DAI (/2); and “optimal” carbon tax-
es (26), which we used to evaluate the magnitude
of induced climate policy controls.

We first considered climate sensitivity un-
certainty, performing three MC analyses—
sampling from each climate sensitivity prob-
ability distribution separately (/9)—without
mitigation policy (to ensure that variation in
results are from variation in climate sensitiv-
ity). We produced probability distributions
for global temperature increase in 2100 (Fig.
2A) and indicate the percentage of outcomes
that result in temperature increases above
DAI{50%.]. The differences in the probability
distributions of Fig. 2A show how the range
of uncertainty still present among probability
estimates of climate sensitivity cascade to
uncertainty in our estimates for temperature
change in 2100. In all three, a significant
percentage of outcomes falls above
DAI[50%0] (dark gray).

We introduced climate policy controls
by performing a joint MC analysis of tem-
perature increase in 2100, varying both cli-
mate sensitivity and the climate damage
function (/9), again indicating the percent-
age of DAI[50%.] exceedances (Fig. 2B).
With the exception of the A&S distribution,
for which the single MC analysis showed
relatively lower probability of DAI[50%],
the joint MC runs showed significantly
lower percentages of DAI[50%.]. It may
seem that the most likely outcome of the
joint MC runs is a relatively low tempera-
ture increase—an optimistic result. Howev-
er, low temperature change outcomes result
from more stringent model-generated cli-

Fig. 3. The modeled re-
lationship between car-
bon taxes in 2050 (a
proxy for general di-
mate policy controls)
and the probability of
DAl in 2100 (79). Each
color band represents
a different percentile
range from the DAl
threshold CDF—a lower
percentile from the CDF
representing a lower
temperature threshold
for DA, as indicated. The
solid lines indicate the
percentage of outcomes
exceeding the stated |
threshold for DAI[X%o], o 50
where X is the percentile

from the DAI CDF deriv-

Probability of “DAI"

100

150 200
Carbon Tax 2050 ($/Ton C)

250 300 350 400

able from Fig. 1, for any given level of dimate policy controls. At any DAI[X%.] threshold, climate policy
controls significantly reduce the probability of DA, and at the median DAI[50%o] threshold (thicker black
ine), a 2050 carbon tax of >$150/ton of C is the model-dependent result necessary to reduce the probability
of DAI from ~45% to near zero, [With a 3% PRTP, this carbon tax is an order of magnitude less and the

reduction in DAl is on the order of 10% (27)]

www.sciencemag.org SCIENCE VOL 304 23 APRIL 2004

REPORTS

mate policy controls, because of the inclu-
sion of climate.damages. Time-varying me-
dian carbon taxes are more than $50/ton of
C'by 2010, and more than $100/ton of C by
2050 in each joint analysis. Low warming
and reduced probability of DAI[50%.] are
reached if carbon taxes are high, when
higher climate sensitivities and higher cli-
mate damage functions sampled from their
probability distributions combine to force
the model “agent” to react. This policy-
relevant complexity is captured through a
probabilistic framework.

The analysis above only considers the me-
dian DAI[50%o] threshold; therefore, these
results do not fully describe the relationship
between climate policy and the potential for
other thresholds for DAL We characterized the
relationship between climate policy controls
and the potential for DAI by calculating a series
of single MC analyses, varying climate sensi-
tivity (as in Fig. 2A) for a range of fixed
damage functions. For each damage function,
ranging from the 10th through the 90th percen-
tile of the climate damage probability distribu-
tion (/8), we performed an MC analysis sam-
pling from each climate sensitivity distribution.
We also calculated the carbon tax in 2050 for
model runs that use the median climate sensi-
tivity of each probability distribution and the
median damage function (/9).

Averaging the results from each set of
three MC analyses, we determined the prob-
ability of outcomes that exceed various DAI
thresholds at a given 2050 carbon tax under
the assumptions described above (79) (Fig.
3). Each solid line corresponds to a different
percentile threshold, DAI[X%o], chosen from
our DAI CDF (Fig. 1)}—a lower percentile X
from the CDF represents a lower temperature
threshold for DAI (DAI[10%.] = 1.476°C,
DAI[50%0] = 2.85°C, for example). At any
DAI threshold, climate policy works: Higher
carbon taxes lower the probability of consid-
erable future temperature increase and reduce
the probability of DAI. Inspecting the median
threshold, DAI[50%.] (Fig. 3, thick black
line), indicates that a carbon tax by 2050 of
$150 to $200 per ton of C reduces the prob-
ability of DAI[50%.] from ~45% without
climate policy controls to nearly zero (27).

Finally, we demonstrated the effect of vary-
ing the discount rate. As before, we ran MC
analyses varying climate sensitivity, but at dif-
ferent values for PRTP and with the climate
damage function fixed at the median level (/9).
A higher PRTP increases the discount rate,
implying that future climate damages are val-
ued less and calculated policies will be weaker.
Averaging over the outcomes for each climate
sensitivity distribution, we determined the rela-
tionship between the discount rate and the prob-
ability of DAI at different temperature thresh-
old levels (Fig. 4). As expected, increasing the
discount rate shifts higher the probability distri-
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Fig. 4. The modeled re-

lationship between the
PRTP—a factor deter-
mining the discount
rate—and the probabili-
ty of DAl in 2100 (19).
Increasing the PRTP {and
therefore the discount
rate) reduces the
present value of future
climate damages and in-
creases the probability
of DAI[X%.] as indicat-
ed, where X is the per-
centile from the DAI
CDF derivable from Fig.
1. The solid lines indicate
the percentage of out- X
comes above the stated 0
threshold for DAI[X%.]

for any given level of

Probabiiity of "DAI"

1 2 3
Pure Rate of Time Preference (PRTP)

PRTP or DAI percentile threshold X. At our median threshold DAI[S0%o] {thicker black line), the probability
of DAI[50%a] rises from near zero with a 0% PRTP to 30% with a 3% PRTP, as originally specified in the

DiCE model.

bution of future temperature increase—a lower
level of climate policy controls becomes “opti-
mal” and thus increases the probability of DAL
At DAI[50%0] (Fig. 4, thick black line), the
probability rises from near zero with a 0%
PRTP to 30% with a 3% PRTP, as specified in
the original DICE model. It is also clear that at
PRTP values higher than 1%, the “optimal”
outcome becomes increasingly insensitive to
variation in future climate damages driven by
variation in climate sensitivity.

The DICE model is a highly simplified rep-
resentation of the climate and the economy, and
its specific predictions for temperature increase
or carbon tax are subject to considerable uncer-
tainty (28). Although it cannot provide high-
confidence quantitative answers, it is a trans-
parent model for examining trends and
processes, and its qualitative insights should be
considered seriously. We present our probabil-
ity distributions for future climate change to
demonstrate three issues: (i) Very different
levels are possible for the probability of DAI
depending on its definition. (ii) Regardless of
its definition, conventional climate policy con-
trols would bring about significant reduction in
the probability of DAL (iii) This probabilistic
framework is an effective method for concep-
tualizing climate change policy decisions.

"We chose to create a CDF for DAI based on
one plausible interpretation of IPCC work. In
certain regions and for certain sectors, different
groups might set thresholds for DAI at very
different levels. Selection of that threshold can
only be made through a decision-making pro-
cess that combines social and natural assess-
ments, evaluates the effects of climate change
and their likelihood, and incorporates value
Jjudgments on inherent trade-offs. However, our
research shows that regardless of the threshold
for DAL, climate policy will reduce the likeli-
hood of exceeding that threshold, and we sug-
gest that this is an effective way. to present

model results and to demonstrate the value of
climate policy, in risk-management terms that
policymakers often employ.

Uncertainty in future states of natural and
social systems will never be completely re-
moved until future events are directly observed.
This unalterable fact requires societies wishing
to assess and influence future trends to act on
the best current knowledge in the face of
uncertainty. We believe that a probabilistic
framework—probability distributions and risk
diagrams such as Fig. 3—are an effective rep-
resentation of state-of-the-art results of scientif-
ic assessments and should be understood by a
wide audience, including policymakers. Policy-
makers have considerable experience dealing
with uncertainty and risk management. For ex-
ample, “acceptable risk™ thresholds for nuclear
power, cancer, vehicular safety, etc., are com-
monplace, even if controversial. The probabil-
ity of DAI'in many of the scenarios we discuss
is far higher (by tens of percent) than the “ac-
cepted” threshold in some of these fields
(though, of course, the dangers are all differ-
ent). Thus, this research suggests a clear mes-
sage: It is possible that some thresholds for
dangerous anthropogenic interference with the
climate system are already exceeded, and it is
likely that more such thresholds are approach-
ing. Despite great uncertainty in many aspects
of integrated assessment, prudent actions can
substantially reduce the likelihood and thus the
risks of dangerous anthropogenic interference.
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22.

23.

examples of DAl (32), without specifying ranges or
percentiles in any of these cases.

R. H. Moss, S. H. Schneider, in Elements of Change
1596, S. ). Hassol, |. Katzenberger, Eds. {Aspen Global
Change Institute, Aspen, CO, 1997), pp. 90~135,

U. Cubasch et al, in Climate Change 2001: The
Scientific Basis, Summary for Policy Makers, }. T.
Houghton et al., Eds. (Cambridge Univ. Press, Cam-
bridge, UK, 2001). )

N. G. Andronova, M. E. Schlesinger, /. Geophys. Res.
106, 22605 (2001).
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24. C. E. Forest, P. H. Stone, A. P. Sokolov, M. R. Allen, M.
D. Webster, Science 295, 113 {2001).

25. Transient temperature change in 2100 is not, in
general, equilibrium change. The inertia of the cli-
mate system is such that climate change will contin-
ue long after greenhouse gas concentrations are sta-
bilized or emissions eliminated. Some outcomes that
avoid exceeding a DAl threshold until 2100 will ex-
ceed that threshold in the next century. Therefore,
the time horizon of analysis will affect the potential
for DAl. However, what is "dangerous” is itself a
function of adaptive capacity, not a static quantity,
dependent on social and economic development. So,
the very threshold for any percentile X, DAI[X%o], can
itself change with time and social conditions.

26. In the DICE model, carbon taxes serve as a proxy for
general climate policy controls. Thus, we do not
present carbon tax data as a preferred method for
mitigation or a required method to produce our
results. Instead, these results should be seen as a
method to provide insights into coupled model be-
havior, using the carbon tax in DICE as a measure of
the magnitude of climate policy controls.

27. Results such as this are extremely sensitive to the
discount rate. For example, the increase in the climate

damage function indicated above that produces a
~45% reduction in the probability of DAI[S0%o] with a
0% PRTP produces a reduction of only ~10% and an
order of magnitude lower “optimal” carbon tax when
we used a 3% PRTP, the value employed by the original
DICE model. We chose to use a 0% PRTP for Fig. 3
exactly for this reason—that using a high discount rate
miasks the variation in model results because of changes
in parameters other than the discount rate, and observ-
ing variation in model results due to other parameters is
central to our analysis.

28. We consider three of these sources of uncertainty in the
three parameters we varied, but there are other impor-
tant sources of uncertainty. The DICE model does not
consider adaptation, as opposed to mitigation, which
theoretically would shift the probability distribution for
DAl to higher temperature levels. A highly adaptive
society would be less likely to experience dangerous
impacts, although this would not be as likely to apply to
the first reason for concern, damages to natural sys-
tems. The DICE model also only considers mitigation
policies for CO,. It does not account for “knock-on”
impacts of CO, reductions on emissions of other atmo-
spheric substances, and it specifies a fixed path for
non-CO, greenhouse gases. Alternative emissions path-

Timing, Duration, and
Transitions of the Last
Interglacial Asian Monsoon

Daoxian Yuan,! Hai Cheng,? R. Lawrence Edwards,?*
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Jiaming Qing," Yushi Lin," Yongjin Wang,? Jiangyin Wu,?
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Thorium-230 ages and oxygen isotope ratios of stalagmites from Dongge Cave,
China, characterize the Asian Monsoon and low-latitude precipitation over the
past 160,000 years. Numerous abrupt changes in '®0/'°0O values result from
changes in tropical and subtropical precipitation driven by insolation and mil-
lennial-scale circulation shifts. The Last Interglacial Monsoon lasted 9.7 = 1.1
thousand years, beginning with an abrupt (less than 200 years) drop in 180/7%0
values 129.3 * 0.9 thousand years ago and ending with an abrupt (less than
300 years) rise in 780/°0 values 119.6 + 0.6 thousand years ago. The start
coincides with insolation rise and measures of full interglacial conditions,
indicating that insolation triggered the final rise to full interglacial conditions.

The characterization of past climate is often
limited by the temporal resolution, geo-
graphic coverage, age precision and accu-
racy, and length and continuity of available
records. Among the most robust are ice
core records (/, 2), which characterize,
among_ other measures of climate, the oxy-
gen isotopic composition of precipitation.
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Although many such records are bench-
marks, they are limited to high-latitude or
high-elevation sites, which record the oxy-
gen isotopic composition of the last frac-
tion of atmospheric moisture remaining af-
ter transit from moisture source regions.
Cave calcite also contains' information
about the isotopic composition of meteoric
precipitation, is widespread, and can be
dated with 229Th methods. Thus, caves may
yield well-dated, low-latitude, low-eleva-
tion records that characterize atmospheric
moisture earlier in its transit from source
regions. We report here on such a record of
Asian Monsoon precipitation, which covers
most times since the penultimate glacial
period, about 160 thousand years ago (ka).

We have previously reported a cave oxy-
gen isotope record of the East Asian Mon-
soon (3) from Hulu Cave, China [32°30°N,
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ways for non-CO, gases and for other anthropogenic
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119°10'E; elevation 100 m; cave tempera-
ture 15.7°C; mean annual precipitation
30 gmow = —8.4 per mil (%) (VSMOW,
Vienna standard mean ocean water); and
mean annual precipitation 1036 mm] (table
S1), covering the last glacial period [75 ka
to 10 thousand years (ky) before the
present]. We now report similar data from
Dongge Cave, China, 1200 km WSW of
Hulu Cave, a site affected by the Asian
Monsoon. The Dongge record more than
doubles the time range covered in the Hulu
record and overlaps the Hulu record for
~35 ky, allowing comparison between
sites. Highlights include the timing and
rapidity of the onset (4) and end of the Last
Interglacial Asian Monsoon and the degree
of Last Interglacial Monsoon variability.
Dongge Cave is 18 km SE of Libo,
Guizhou Province (25°17'N, 108°5'E), at an
elevation of 680 m. The cave temperature
(15.6°C), mean annual §'*0 of precipitation
(—8.3%o), and seasonal changes in precipita-
tion and 8'¥0 of precipitation are similar to
those at Hulu, with mean annual precipitation
being higher (1753 mm) (table St). Stalag-
mites D3 and D4 were collected ~100 m
below the surface, 300 and 500 m from the
entrance, in the 1100-m-long main passage-
way. D3 is 210 cm and D4 is 304 cm long,
with the diameters of each varying between
12 and 20 cm. Stalagmites were halved ver-
tically and drilled along growth axes to pro-
duce subsamples for oxygen isotope analysis
(5) and #*°Th dating by thermal ionization (6,
7) and inductively coupled plasma mass spec-
troscopy (8). Sixty-six *°Th dates from D3
and D4 (table S2) and 10 dates from Hulu
Cave stalagmite H82 (table S3), all in strati-
graphic order, have 2¢ analytical errors of
+80 years at 10'ky and =1 ky at 120 ky. Six
hundred and forty 8'30 measurements have
spatial resolution corresponding to 20 years
to 2 ky for -different portions of D3 and D4
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tral case). For the CE commitment, sea level
rises at about 25 cm/century (uncertainty range,
7 to more than 50 cm/century). The fractions
arising from unforced contributions to sea lev-
el rise are less than those in the CC case.

- The CE results reinforce the common
knowledge that, in order tostabilize global-

mean temperatures, we eventually need to re-

duce emissions of greenhouse gases to well
below present levels (27). The CC results
are potentially more alarming, because they
are based on a future scenario that is clear-
ly impossible to achieve and so represent
an extreme lower bound to climate change
over the next few centuries. For temperature,
they show that the inertia of the climate sys-
tem alone will guarantee continued warming
and that this warming may eventually exceed
1°C. For sea level, a continued rise of about
10 cm/century for many centuries is the best
estimate. Although such a slow rate may al-
low many coastal communities to adapt, pro-
found long-term impacts on low-lying island
communities and on vulnerable ecosystems
(such as coral reefs) seem inevitable.
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How Much More Global Warming

and Sea Level Rise?

Gerald A. Meehl,* Warren M. Washington, William D. Collins,
Julie M. Arblaster, Aixue Hu, Lawrence E. Buja,
Warren G. Strand, Haiyan Teng

Two global coupled climate models show that even if the concentrations of
greenhouse gases in the atmosphere had been stabilized in the year 2000, we
are already committed to further global warming of about another half degree
“and an additional 320% sea level rise caused by thermal expansion by the end
of the 21st century. Projected weakening of the meridional overturning cir-
culation in the North Atlantic Ocean does not lead to a net cooling in Europe.
At any given point in time, even if concentrations are stabilized, there is a
commitment to future climate changes that will be greater than those we have

already observed.

Increases of greenhouse gases (GHGs) in the
atmosphere produce a positive radiative forc-
ing of the climate system and a consequent
warming of surface temperatures and rising sea
level caused by thermal expansion of the
warmer seawater, in addition to the contribu-
tion from melting glaciers and ice sheets (/, 2).
If concentrations of GHGs could be stabilized
at sorne level, the thermal inertia of the climate
system would still result in further increases in
temperatures, and sea level would continue to
rise (2-9). We performed multimember en-
semble simulations with two global coupled
three-dimensional climate models to quantify
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how much more global warming and sea level
rise (from thermal expansion) we could
experience under several different scenarios.
The Parallel Climate Model (PCM) has
been used extensively for climate change
experiments (/0-15). This model has a rela-
tively low climate sensitivity as compared to
other models, with an equilibrium climate
sensitivity of 2.1°C and a transient climate
response (TCR) (the globally averaged
surface air temperature change at the time
of CO, doubling in a 1% CO, increase
experiment) of 1.3°C. The former is indica-
tive of likely atmospheric feedbacks in the
model, and the latter includes ocean heat
uptake and provides an indication of the
transient response of the coupled climate
system (6, 12). A second global coupled
climate model is the newly developed Com-
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munity Climate System Model version 3
(CCSM3), with higher horizontal resolution
(atmospheric gridpoints roughly every 1.4° as
compared to the PCM, with gridpoints about
every 2.8°) and improved parameterizations
in all components of atmosphere, ocean, sea
ice, and land surface (/6). The CCSM3 has
somewhat higher sensitivity, with an equi-
librium climate sensitivity of 2.7°C and TCR
of 1.5°C. Both models have about 1° ocean
resolution (0.5° in the equatorial tropics),
with dynamical sea ice and land surface
schemes. These models were run for four-
and eight-member ensembles for the PCM

~and CCSM3, respectively, for each scenario

(except for five members for A2 in CCSM3).

The 20th-century simulations for both mod-
els include time-evolving changes in forcing
from solar, volcanoes, GHGs, tropospheric
and stratospheric ozone, and the direct ef-
fect of sulfate aerosols (14, 17). Additionally,
the CCSM3 includes black carbon distribu-
tions scaled by population over the 20th centu-
ry, with those values scaled by sulfur dioxide
emissions for the rest of the future climate
simulations. The CCSM3 also uses a different
solar forcing data set for the 20th century (18).
These 20th-century forcing differences be-
tween CCSM3 and PCM are not thought to
cause large differences in response in the cli-
mate change simulations beyond the year 2000.

The warming in both the PCM and CCSM3
is close to the observed value of about 0.6°C
for the 20th century (19), with PCM warm-
ing 0.6°C and CCSM3 warming 0.7° (aver-
aged over the period 19801999 in relation to
1890-1919). Sea level rises are 3 to 5 cm,
respectively, over the 20th century as com-
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pared to the observed estimate of 15t0 20 cm.  thought to be caused by thermal expansion  includes contributions to sea level rise due to
This lower value from the models is consistent (20, 27), because as the ocean warms, seawater  ice sheet or glacier melting. Partly because of
with the part of 20th-century sea level rise  expands and sea level rises. Neither model  this, the sea level rise calculations for the 20th

century from the models are probably at least a
cOo, cgnce*ngraﬁons factor of 3 too small (20, 21). Therefore, the

Fig. 1. (A) Time series of A [
e results here should be considered to be the

CO, concentrations for
the various scenarios. (B)

| ISR SR RR

minimum values of sea level rise. Contribu-

Time series of globally 800 R " tions from future ice sheet and glacier melting
averaged s?rface zar f& 1B could perhaps at least double the projected sea
gﬁéa?ééhgr,o(né) tssme as 700 o |rep1 v [ level rise produced by thermal expansion (1).

(B), except that sea level e 20th stabilization ; s Atmospheric CO, is the dominant anthro-
rise comes from thermal 800 ————QObservations / - pogenic GHG (22), and its time evolution

ppm

expansion only. In (C), the
control drift is first sub- 500
tracted from each experi-
ment, and then in (B) and
(C), the base period for 400
calculating anomalies is

can be used to illustrate the various scenarios
(Fig. 1A). The three Special Report for Emis-
sions Scenarios (SRES) show low (B1), me-
dium (A1B), and high (A2) increases of CO,
over the course of the 21st century. Three
1980--1999. Solid lines are 300 stabilization experiments were performed:
ensemble means, and shad- s one with concentrations of all constituents

ing indicates the range of pronTpm e e held constant at year 2000 values and two (B1
ensemble members. Line g 1900 1950 2000 2050 2100 2150 2200  and A1B) with concentrations held constant

e e oo, 5,0 Lo iopalyaveraged suaco drtemperature, atyear 2100 values. Although these are ideal-

els are given in each panel s ized stabilization experiments, it would take a

TTTIT T T

S EWRTE FT RN PTG NWRWE REWEn S
T

] q—-Otmarvations ) significant reduction of emissions below 1990
4.0 :::mzﬁ’m L values within a few decades and within about a
§ [r-romas s century to achieve stabilized concentrations in

3.0 Bl and A1B, respectively (23).
] Even if we could have stopped any fur-
O 20 ther increases in all atmospheric constituents
] as of the year 2000, the PCM and CCSM3
10 _: indicate that we are already committed to 0.4°
o and 0.6°C, respectively, more global warming
] by the year 2100 as compared to the 0.6°C
0.6 of warming observed at the end of the 20th
1 t century (Table 1 and Fig. 1B). (The range
4.0 e T e LA B of the ensembles for the climate model tem-
1800 1850 2000 2050 2100 2150 2200  perature anomalies here and to follow is about
, c Globally averaged sea level rise +0.1°C.) But we are already committed to
50 _""”""""' e - proportionately much more sea level rise from

1 e i thermal expansion (Fig. 1C).

46 - F--rouer " At the end of the 21st century, as compared
1 jew~roman to the end of the 20th century (1980-1999
] “""P‘:M“memm “r base period), warming in the low-estimate
30 ccs '33' - climate change scenarjo (SRES Bl) is 1.1°
£ 1 j——cosmams (" and 1.5°C in the two models (Table 1 and
S pp 4 [ECSMem [ Fig. 1B), with sea level rising to 13 and 18 ¢cm
: [ " above year 1999 levels. The spread among the
] 3 ensembles for sea level in all cases amounts
10 [ to less than #0.3 cm. A medium-range sce-
] ,@ s nario (SRES AlB) produces a warming at
0 - s ' the end of the 21st century of 1.9° and 2.6°C,
S— * with about 18 and 25 cm of sea level rise in

the two models. For the high-estimate sce-
nario (A2), warming at 2100 is about 2.2° and
3.5°C, and sea level rise is 19 and 30 cm. The

1900 1850 2000 2050 2100 2150 2200

Tabl'e‘ 1 Globally averaged surfage temperature diff.erences (in °C) comparing'equilibrium climate range of transient temperature response in
sensitivity from the two models with simulated warming for the 20th century, mid-21st century, and the tw dels for the 20th turv th h
late 21st century for the different experiments. Midcentury differences are calculated for 20412060 C ,0 models Ior the | century hroug

minus 1980-1999, and late century differences are for 2080-2099 minus 1980~1999. A2 at 2100 has  the mld‘21_5t century 1s (?or%51dera‘t')ly less thap
more than double present-day CO, amounts (Fig. 1A). the range in their equilibrium climate sensi-
tivities (Table 1) due in part to less than
Equilibrium  20th 2050 2050 2050 2050 2100 2100 2100 2100  doubled CO, forcing as well as ocean heat

Model sensitivity  century stabilized  B1 A1B A2  stabilzed B1 A1B A2 uptake characteristics (24). Thus, our confi-
pPcM 21 06 03 07 12 11 04 11 19 22 dence in model simulations of 20th-century
CCSM3 27 0.7 06 12 19 18 06 15 26 35 climate change and projections for much of

the 21st century (as represented by the range
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in the transient response of the models) is
considerably better than that represented by
the larger uncertainty range of the equilibri-
um climate sensitivity among the models.

If concentrations of all GHGs and other
atmospheric constituents in these simulations
are held fixed at year 2100 values, we would be
committed to an additional warming by the year
2200 for Bl of about 0.1° to 0.3°C for the
models (Fig. 1B). This small warming commit-
ment is related to the fact that CO, concen-
trations had already started to stabilize at about
2050 in this scenario (Fig. 1A). But even for
this small warming commitment in B1, there is
almost double the sea level rise seen over the
course of the 21st century by 2200, or an
additional 12 and 13 c¢m (Fig. 1C). For AlB,
about 0.3°C of additional warming occurs by
"2200, but again there is roughly a doubling of
21st-century sea level rise by the year 2200, or
an additional 17 and 21 cm. By 2300 (not
shown), with concentrations still held at year
2100 values, there would be less than another
0.1°C of warming in either scenario, but yet
again about another doubling of the committed

sea level rise that occurred during the 22nd -

century, with additional increases of 10 and
18 cm from themal expansion for the two
models for the stabilized B1 experiment, and 14
and 21 cm for A1B as compared to year 2200
values. Sea level rise would continue for at least
two more centuries beyond 2300, even with
these stabilized concentrations of GHGs (2).
The meridional overturning maximum in
the North Atlantic, indicative of the thermo-
haline circulation in the ocean, is stronger
‘in the preindustrial simulation in the PCM
{32.1 sverdrups) compared to the CCSM3
(21.9 sverdrups), with the latter closer to ob-
served estimates that range from 13 to 20
sverdrups (25-27). The mean strength of
the meridional overturning and its changes
are an indication of ocean ventilation, and
they contribute to ocean heat uptake and
consequent time scales of temperature re-
sponse in the climate system (72, 24, 28).
The model with the higher sensitivity
(CCSM3) has the greater temperature and sea
level rise response at the year 2100 for the B1,
AlB, and A2 scenarios (Fig. 1, B and C) and
also the larger decrease in meridional overturn-
ing in the North Atlantic (4.0, -5.3, and 6.2
sverdrups or —18, —24, and —28%, respectively)
as compared to the model that is less sensitive
(PCM), with the lower forced response for Bl,
AlB, and A2 with decreases of meridional
overturning in the Atlantic that are about a
factor of 2 less (-1.0,--3.5, and ~4.5 sverdrups,
or =3, —11, and —14%, respectively). This is
consistent with the idea that a larger percentage
decrease in meridional overturning would be
associated with greater ocean heat uptake and
greater surface temperature warming (12, 24).
The warming commitment for 20th-century
forcing held fixed at year 2000 values is larger

www.sciencemag.org SCIENCE VOL 307 18 MARCH 2005

in the CCSM3 than in the PCM (0.6° versus.

0.4°C). This is also consistent with the re-
covery of the meridional overturning in the
21st century after concentrations are stabilized
in the PCM (net recovery of +0.2 sverdrups)
compared to the CCSM3 (meridional over-
turning continues to weaken by 0.3 sverdrups
before a modest recovery).

Therefore, the PCM, with less climate sen-

sitivity and lower TCR but with greater mean
meridional overturning in the Atlantic, has less
reduction of North Atlantic meridional over-
tumning and less forced response. The meridio-
nal overturning recovers more quickly in the
PCM, contributing to even less warming
commitment after concentrations are stabilized
at year 2000 values. On the other hand, the
CCSM3, with higher sensitivity and weaker

REPORTS

mean meridional overturning, has a larger
reduction of meridional overturning due to
global warming (and particularly a larger
percent decrease of meridional overturning)
than the PCM and contributes to more
warming commitment for GHG concentra-
tions stabilized at year 2000 values.

The processes that contribute to these dif-
ferent warming commitments involve small
radiative flux imbalances at the surface (on
the order of several tenths of a watt per square
meter) after atmospheric GHG concentra-
tions are stabilized. This small net heat flux
into the ocean is transferred to the deeper
layers through mixing, convection, and venti-
lation processes such as the meridional over-
turning circulation that connects the Northern
and Southern Hemisphere high-latitude deep

2080-2099
difference in temperature

¢ 60E 1208 180 t0W  BOW [

[ SCE

B CCSM3 B1

120E 80 120w 0w &

Fig. 2. Surface temperature change for the end of the 21st century {ensemble average for years 2080~
2099) minus a reference period at the end of the 20th century {ensemble average for years 1980~
1999) from 20th-century simulations with natural and anthropogenic forcings. (A) The PCM for the B1
scenario. (B) The CCSM3 for the B1 scenario. (C) The PCM for the A1B scenario. (D) The CCSM3 for the
A1B scenario. {E) The PCM for the A2 scenario. (F) The CCSM3 for the A2 scenario. {G and H)
Temperature commitment for GHG concentrations stabilized at year 2000 values; ensemble average for
years 2080-2099 minus a reference period ensemble average for years 1980-1999 from 20th-century
simulations. More than 95% of the values in each panel are significant at the 10% level from a
Student’s ¢ test, and a similar proportion exceed 1 SD of the intraensemble standard deviations.
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Fig. 3. Ensemble mean
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ocean circulations (29). Thus, in addition to
changes in the meridional overturning circu-
lation, the strength of the mean circulation
also plays a role (12, 24, 28). The tempera-
ture difference between the upper and lower
branches of the Atlantic meridional overturn-
ing circulation is smaller in the PCM than in
the CCSM3 because of the stronger rate of

mean meridional overturning in the PCM that ~

induces a greater heat exchange or ventilation
between the upper and deeper ocean. In the
PCM, recovery of the meridional overturning
is more rapid in the 21st century, thus pro-
ducing even greater mixing and less warming
commitment, whereas the CCSM3 recovers
more slowly, with greater warming commit-
ment by the year 2200 and on to 2300.
Geographic patterns of warming (Fig. 2)
show more warming at high northern latitudes
and over land, generally larger-amplitude
warming in the CCSM3 as compared to the
PCM, and geographic temperature increases
roughly proportional to the amplitude of the
globally averaged temperature increases in the
different scenarios (Fig. 1B). Slowdowns in
meridional overtuming in the respective models
(which are greater percentage-wise in the
CCSM3 than the PCM) are not characterized
by less warming over northem Europe in either
model. The warming produced by increases in
GHGs overwhelms any tendency toward de-
creased high-latitude warming from less north-
ward heat transport by the weakened meridional
overturning circulation in the Atlantic. There is
more regional detail in the higher-resolution
CCSM3 as compared to the PCM, with an El
Nifio—like response (30) in the equatorial Pacific
(greater warming in the equatorial central and
eastern Pacific than in the western Pacific) in the
CCSM3 as compared to the PCM. This is
related to cloud feedbacks in the CCSM3
involving the improved prognostic cloud liquid
water scheme, as compared to the diagnostic
cloud liquid water formulation in the PCM (31).
The warming commitment from the 20th-
century stabilization experiments (Fig. 2, bot-
tom) shows the same type of pattern in the

forced experiments, with greater warming
over high latitudes and land areas. For re-
gions such as much of North America, even
after stabilizing GHG concentrations, we are
already committed to more than an additional
half a degree of warming in the two models.
The pattern of the 20th-century stabilization
experiments is similar to those produced in
the 21st-century stabilization experiments
with A1B and B1 (not shown).

Though temperature increase shows signs
of leveling off 100 years after stabilization,
sea level continues to rise unabated with
proportionately much greater increases com-
pared to temperature, with these committed
increases over the 21st century more than a
factor of 3 greater, percentage-wise, for sea
level rise (32) than for temperature change
(Fig. 3). Thus, even if we could stabilize
concentrations of GHGs, we are already com-
mitted to significant warming and sea level
rise no matter what scenario we follow. These
results confirm and quantify earlier studies
with simple and global models in that the sea
level rise commitment is considerably more
than the temperature change commitment.
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Lt. Ken Kusano (G-MS0O-5)

US Coast Guard
2100 Second Street S.W.,
Washington, D.C. 20593-0001

Mr. Cy Oggins, -

California State Lands Commission
100 Howe Ave., Suite 100-South,
Sacramento, CA 95825-8202

SUBJECT: SUPPLEMENTAL COMMENTS ON CABRILLO PORT DEEPWATER PORT
LICENSE APPLICATION: DEIS/DEIR
Docket Number: USCG-2004-16877; State Clearinghouse Number: 2004021107

Dear Lt. Kusano and Mr. Oggins:

The Santa Barbara County Air Pollution Control District (District) provides this letter as a
supplement to our comment letter, dated December 20, 2004, on the DEIS/DEIR referenced
above. Our supplemental comments are based on new information of substantial importance
discovered since the close of the public comment period on this project. The new information
appears to be inconsistent with information provided in the DEIS/DEIR regarding the
Environmental Setting of the proposed project.

The District is concerned about the potential for this project to import liquefied natural gas (LNG)
that does not meet the current California Air Resources Board (CARB) specifications (i.e., LNG
that contains higher BTU content levels of ethane, propane, and butane) for compressed natural
gas (CNG) for use in motor vehicles. A recent study conducted by Southern California Gas
Company (Gas Quality and LNG Research Study Draft Final Report dated 2-11-05) states that
LNG sources originating in areas such as Indonesia, Russia, and Australia differ from natural
gas currently supplied to southern California from out-of-state domestic sources as some

- ethane, propane and butane have been removed from out-of-state domestic natural gas prior to

~ shipment via interstate pipelines. (An excerpt from this study is attached for your convenience.) -

If correct, this finding is inconsistent with Section 4.6.1 that states that the LNG to be imported
for the project will meet pipeline quality specifications (including CARB specifications) without
further treatment at the offshore storage and regasification unit. This conflicting information
leads us to believe that the project could indeed import LNG that does not meet CARB
specifications and, if so, the DEIS/DEIR should address this important issue.

The importation of LNG into southern California that does not meet California’'s CNG
specifications creates a potential for increased regional emissions from both stationary and
mobile sources. In fact, the recent Southern California Gas Company study shows a strong
correlation between increased NOx emissions and higher BTU content test gases for various
residential/commercial gas appliances. The DEIS/DEIR should address how this could impact
existing regional emission levels. We strongly recommend that all imported LNG meet CARB
motor vehicle fuel specifications for CNG in order to ensure that there are no increases in

regional emissions from the importation of LNG. Further, since it appears that it is foreseeable’

1o
Terence E. Dressler Air Pollution Control Officer .- -
260 North San Antonio Road. Suite A Santa Barbara. CA 93110 « www.sbcancd.ora - 805 QA1 RRAN. 2NG QAT RRN1T (fav)



Cabrillo Port Deepwater Port EIS/EIR Comments
12/20/04 :
Page 2 of 2

that this project may import such “hot” gas, the District also believes that your commission must
address the issue of whether recirculation of the DEIS/DEIR is required under CEQA.

Again, we appreciate the opportunity to comment on the DEIS/DEIR for this important project. If
you nieed additional information on these comments please call me at 805.961.8857.

Sincerely, - _
i Tty
Tom Murphy

Manager, Technology and Environméntal Assessment

cc: TEA Chron File
Bobbie Bratz, Santa Barbara County Air Pollution Control District
William Dillon, Deputy County Counsel
Martin Kay, South Coast Air Quality Management District
Scott Johnson, Ventura County Air Pollution Control District
Alison Dettmer, California Coastal Commission

Attachment

Wsbcaped. orgi\shares\Groups\pcatWP\PCACORR\Cabrilio Port LNG DEIS_DEIR add.doc

pos
€0
co
o)



Southern
Calitornis
Gas Company’

<)
A Q’ Sempra Energy’ vty

BACKGROUND

SCG and San Diego Gas & Electric Company (SDG&E) provide gas distribution
services to approximately six million customers in southern California. The
largest portion of this area’s current gas supply that reaches our customers -
originates from the Rocky Mountains, the Permian Basin, and the San Juan
Basin. A smaller portion is produced within California.

While supplies have traditionally been adequate to meet demand, a nationwide
natural gas supply imbalance is developing, as new gas reserves are not being
discovered and developed at a rate matching the overall increase in demand.
The rapid growth in natural gas demand and a slowdown in developing new
North American gas supplies have led to increased gas commodity prices. At
current and projected natural gas prices, importation of natural gas, shipped as
LNG, has become an economically viable option. The US Department of
Energy’s (DOE) “Energy Outlook 2003” projects a ten-fold increase in LNG
imports from 2001 to 2025. Five west coast LNG supply projects are in various
stages of development. At this time, we cannot predict which projects will initiate
operation. However, we believe that LNG will provide a substantial portion of
future California. natural gas supplies and will access end users through new
receipt points close to load centers. '

Supplies of LNG for the SCG system would originate primarily from Pacific Rim
countries, such as Indonesia, Russia, and Australia. The respective chemical
compositions and heating values of LNG supplies from these sources differ from
natural gas supplied to southern California from out-of-state domestic sources as
some ethane, propane and butanes have been removed from out-of-state

- domestic natural gas prior to shipment via interstate pipelines. Furthermore, gas
components such as CO;, N, and O; and heavier hydrocarbon components
(>Ca4), which are common in domestic natural gas supplies, are virtually
nonexistent in LNG. California-produced gas can exhibit concentrations of higher
ethane and propane similar to LNG.

Compiletion of just one proposed LNG terminal on the West Coast could deliver
from S500MMscf to a 1Bscf of natural gas into the SCG and SDG&E gas
distribution systems each day, replacing gas from sources currently supplying
this region. Multiple terminals could deliver much more. Thus, significant
numbers of SCG and SDG&E customers’ utilization equipment could experience
a change in gas composition from out-of-state domestic natural gas to gas
supplies from LNG. Furthermore, given the operating characteristics of the
SCG/SDG&E transmission and distribution systems and customer usage
patterns, many customers may be subject to “swings” in gas composition from

Gas Quality and LNG Research Study Draft Final Report 2-11-05.doc
02/11/2005 2:22 PM
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traditional interstate supplies to new supplies or vice versa in relatively short
timeframes.

SCG has actively tested appliances and small industrial/commercial equipment to
monitor equipment performance over broad ranges of gas composition.
Extensive testing in the laboratory and field in the mid 90’s led 1o the
establishment of an upper Btu limit for SCG’s Gas Quality Standards (Rule 30).
During thuse tesls, it was noted that for a few tested appliances test results were
not consistent with the interchangeability indices calculations. Subsequent
testing over the next several years confirmed that some newer end-use
combustion technologies, such as premix/powered combustion, yielded results
that were not predictable within the conventional interchangeability indices

calculations. These combustion systems, although resulting in better efficiencies
and lower NOx, seem to be more sensitive to chan

ges in gas quality and rate of
change in gas quality. '

s

Gas Qualily and LNG Research Study Draft Final Report 2-11-05 doc
02/11/2005 2.22 PM



Marty Kay

From: Zimpfer Amy@epamail.epa.gov

Sent: Friday, September 16, 2005 1:48 PM

To: laura_yannayon@epamail.epa.gov; Marty Kay

Subject: ' Fw: BHP Billiton Cabrillo Port LNG Deepwater Port

Marty--Laura Yannayon is our lead on the g uality of gas issue. She can provide more

detail and is available at 415.972.3534. Thanks

Amy Zimpfer, Air Division

US Environmental Protection Agency
75 Hawthorne Street

San Francisco, CA 94105-3901
415-947-8715 ’
zimpfer.amylepa.gov

----- Forwarded by Amy Zimpfer/R9/USEPA/US on 09/16/2005 01:46 PM ————n

Marty Kay
<mkay@agmd.gov>
. To
09/16/2005 11:20 " Amy Zimpfer/R9/USEPA/USREPA
AM cc
Subject

RE: BHP Billiton Cabrillo Port
LNG Deepwater Port

I participate on Southern California Gas Company's gas quality techical committee, and
have been involved with the FERC and CPUC proceedings on gas quality. I'm the lead staff
person here. We've heard that BHP Billiton would be bringing in high quality gas,
compared to the other LNG terminals.

Martin Kay

Program Supervisor

South Coast Air Quality Management District
21865 Copley Dr.

Diamond Bar, CA 91765-3252

909.396.3115

mkay@agmd.gov

————— Original Message--—--

From: Zimpfer.Amy@epamail.epa.gov [mailto:Zimpfer.Amyl@epamail .epa.gov]
Sent: Friday, September 16, 2005 9:18 AM

To: Marty Kay; Zoueshtiagh.Nahid@epamail.epa.gov

Subject: RE: BHP Billiton Cabrillo Port LNG Deepwater Port

Nahid-~please followup on Marty's request. thanks

Marty--fyi--Nahid Zoueshtiagh is our lead on this LNG project. What role do you plan at
the AQMD? : )

1



Amy Zimpfer, Alr Division

US Environmental Protection Agency
75 Hawthorne Street

San Francisco, CA 94105-3901
415-947-8715

zimpfer.amy@epa.gov

Marty Kay
<mkay@agmd. gov>
To
09/15/2005 07:52 Amy Zimpfer/RS/USEPA/USREPA
AM cc
Subject

RE: BHP Billiton Cabrillo Port
LNG Deepwater Port

Please add Chung Liu and myself to your outreach mailing list for the BHP Billition
project, and any other LNG projects EPA is involved with.

Martin Kay

Program Supervisor

South Coast Air Quality Management District
21865 Copley Dr.

Diamond Bar, CA 91765-3252

909.396.3115

mkay@agmd. gov

————— Original Message--—---—

From: Chung Liu

Sent: Wednesday, September 07, 2005 1:17 AM

To: Marty Kay

Subject: FW: BHP Billiton Cabrillo Port LNG Deepwater Port

Marty,

Please call Dean Simmeroth of ARB that you and T would like to be
in the coming meeting.
————— Original Message-—---
From: Mohsen Nazemi
Sent: Tue 9/6/2005 6:26 PM
To: 'Zimpfer.BAmy@epamail.epa.gov'
Cc: Rios.Gerardo@epamail.epa.gov;
Zoueshtiagh.Nahid@epamail.epa.gov;
Yannayon.Laura@epamail.epa.gov; dsimerot@arb.ca.gov;
mtollstrup@arb.ca.gov; gyeelarb.ca.gov; mike@vcapcd.org;
dresslert@sbcapcd.org; 'CantleP@sbcapcd.org'; Carol Coy;
Chung Liu; Barry Wallerstein; Kurt Wiese; Peter Greenwald;
Barbara Baird; Elaine Chang



Subject: BHP Billiton Cabrillo Port LNG Deepwater Port

Hi Amy. How are your? Thanks for the update on EPA's
schedule on BHP Billiton's LNG Deep Water Port. I wanted to
get back to you following our earlier discussions regarding
this facility, as well as the SES Long Beach LNG Terminal.

Nahid has offered to conference us in for the upcoming
meeting that EPA has with the BHP Billiton project
proponents. I appreciate the offer and would like to
let EPA know that we are interested to participate via
phone.

Alsc you had previously asked me about how we plan to
impose conditions on the SES permit to prevent "Hot
Gas" from being delivered to the natural gas users
here in South Coast, and after our last meeting here
regarding BHP Billiton with CARB and other parties I
had a phone call from Laura of your office also
wanting to coordinate with us regarding this approach.
I think the short answer to your question is that SES
has been aware of our concern with the "Hot Gas"
issue. As part of their LNG terminal in Long Beach,
SES has proposed to install an LNG processing system
which would not only convert ligquid natural gas to
gaseous natural gas, but it consists of systems (such
as DeEthanizer and DeButanizer) that removes some of
the higher heating value components from LNG. In
their application, SES has indicated that the higher
heating value (HHV) of their final product sold to the
Gas Company or others would be in the range of 1,050
BTU/SCF. Presently our intentions are to impose this
heating value limit as a requirement on their permit.
Finally, at our last meeting here on BHP Billiton
project with CARB and others we agreed to participate
in a meeting/discussion with CARB and other agencies
(such as CEC, VCAPCD, etc.) to also reach a better
understanding on what should the characteristics (i.e.
heating value) of the natural gas provided to the
pipeline be, aside from the PUC standards, to prevent
the distribution and burning of "Hot Gas" in the
Southern California area. It was my understanding
that’ CARB was going to take the lead in setting up
this meeting/discussion.

Please let me know if you, Laura or Nahid have any other
questions regarding LNG terminal. Thanks and hope to talk
to you, or see you soon.

Mohsen Nazemi, P.E.

Assistant Deputy Executive Officer
Engineering and Compliance

South Coast Air Quality Management District
Tel. (909) 396-2662

Fax. (909)396-3895

mnazemil@aqgmd.gov

————— Original Message-----

From: Zimpfer.Amy@epamail.epa.gov
[mailto:Zimpfer.Amy@epamail.epa.gov]

Sent: Friday, September 02, 2005 6:50 PM

To: dmaul@energy.state.ca.us; MPrescott@comdt.uscg.mil;
mike@vcapcd.org; mtollstrup@arb.ca.gov; gyeelarb.ca.gov;
adettmerlcoastal.ca.gov; Francis.Mardula@MARAD.DOT.GOV;
Mohsen Nazemi; dresslert@sbcapcd.org; dsimerot@arb.ca.gov;
OGGINSC@slc.ca.gov

Cc: Rios.Gerardolepamail.epa.gov; Cort.Paul@epamail.epa.gov;
Schmidt.Davidp@epamail.epa.gov;
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Wesling.Mary@epamail.epa.gov;

Zoueshtiagh.Nahid@epamail .epa.gov;
Zemsky.Al@epamail.epa.gov; Yannayon.Laura@epamail.epa.gov;
Alkon.Margaret@epanmail.epa.qgov;

aquitania.manny@epamail .epa.gov;
aquitania.manny@epamail.epa.gov

Subject: BHP Billiton Cabrillo Port LNG Deepwater
Port--Update on Public Outreach

Dear Colleagues:

On August 9th, I sent an email summarizing our
public outreach plans for the Clean Rir Act permit for the
BHP Billiton Cabrillo Port Liquefied Natural Gas (LNG)
Deepwater Port and I invited your participation. Thank you
for those who provided me with names of people we will work
with during our public outreach. I would like to update you
on our latest thinking on EPA's public outreach effort for
the air permitting portion of the proposed BHP LNG Facility.
Recently, we learned theCalifornia State Lands
Commission(SLC) plans to conduct an additional public
process for the Revised Draft Environmental Impact Report
including a review period and an additional public meeting.
They have informed us their projected date for releasing the
revised document is early December with a public workshop
possibly in January. As a result, we have decided to
harmonize our permit public outreach to coincide with SLC's.
Wereleasing the revised document We plan to be available for
the public hearing on the Revised Environmental Impact
Report to be conducted by the SLC. Originally, as conveyed
in my August 9th invitation, EPA was planning on conducting
a stand-alone Open House in the mid-October 2005 timeframe.
We have changed our plans to better harmonize our activities
with the NEPA/CEQA process and to benefit from the
concentration of interested public participants, government
agencies and industry already gathered for the same purpose.

Specifically, we currently plan to attend the SLC
public workshop to provide specific information on the air
permitting process and the Cabrillo Deep Water Port air
permit application. Our water colleagues may also join us
to provide information on EPA's proposed wastewater
discharge permit. Shortly after SLC's event, we plan to
propose the draft air permit and begin the public comment
period. We will hold a public hearing on the air permit
sometime during the 60 day public comment period, perhaps in
February 2006.

The primary purpose of EPA's outreach effort is to
inform the public about the air permitting process, and
provide general information on how they can get involved in
providing comments. EPA is hopeful that our public outreach
will be meaningful and productive and we will need your help
and advice throughout the process. If you have any
questions, please call me at (415)947-4146, or Manny
Aquitania can be reached at (415)972-3977, or
"aquitania.manny@epa.gov".

Thanks again.
Amy
Amy Zimpfer, Air Division

US Environmental Protection Agency
75 Hawthorne Street



San Francisco, CA 94105-3901
415~947-8715
zimpfer.amy@epa.gov
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